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Summary
Background:  Multi-detector  computed  tomography  (MDCT)  has  been  used  to  provide  diagnostic
information  after  heart  valve  replacements  such  as  prosthetic  valve  dysfunction.  However,
only few  data  are  available  about  aortic  paraprosthetic  regurgitation  (APR).  The  aim  of  this
study is  to  assess  the  feasibility,  accuracy,  and  reproducibility  of  the  existence  of  APR  using
contrast-enhanced  64-row  MDCT.
Methods:  We  retrospectively  evaluated  20  consecutive  patients  who  underwent  both  64-row
MDCT and  two-dimensional  transthoracic  echocardiography  (2D-TTE)  after  aortic  valve  replace-
ment. The  presence  of  APR  was  evaluated  with  64-row  MDCT,  and  validated  with  2D-TTE,
two-dimensional  transesophageal  echocardiography  (2D-TEE),  or  intraoperative  ﬁndings  if  avail-
able. If  APR  was  present,  we  also  evaluated  paraprosthetic  anatomical  regurgitation  oriﬁce
(PARO) area  to  quantify  the  prognostic  impact  of  APR  or  for  surgical  planning  such  as  closure
device sizing.
Results:  Overall,  12  of  20  valves  showed  beam-hardening  artifact  (BHA)  which  made  the  reliable
evaluation of  APR  difﬁcult.  The  presence  of  artifact  seemed  to  depend  on  valve  types.  Among
8 patients  who  did  not  show  BHA,  there  were  perfect  agreements  between  MDCT  and  2D-TTE,
2D-TEE, or  intra-operative  ﬁndings  about  APR.  There  were  excellent  inter-observer  agreements
in the  evaluation  of  APR  and  PARO  area.  PARO  area  was  consistent  with  the  echocardiographic
severity  of  APR  in  this  study.
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Conclusions:  Our  retrospective  data  suggest  that  MDCT  could  be  a  reliable  technique  for  the
evaluation of  APR  after  On-X  standard  or  SJM  standard  valve  replacement.  MDCT  can  become  a
novel quantitative  tool  for  the  evaluation  of  PARO  area.
© 2011  Japanese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All  rights  reserved.
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for  subsequent  off-line  analysis.Introduction
Aortic  valve  replacement  is  an  effective  and  promising
treatment  in  patients  with  signiﬁcant  aortic  valvular  heart
diseases  [1].  Aortic  paraprosthetic  regurgitation  (APR)  is  one
of  the  rare  complications  after  aortic  valve  replacement,
however,  some  patients  require  further  surgical  or  tran-
scatheter  closure  of  APR  because  it  could  be  life-threatening
[2—5].  Two-dimensional  echocardiography  has  long  been
used  as  an  essential  method  for  the  assessment  of  these
complications  after  heart  valve  replacement  [3—7]. How-
ever,  it  is  difﬁcult  to  accurately  evaluate  the  exact  location
of  the  paraprosthetic  leaks  and  size  of  the  defects  using  two-
dimensional  echocardiography  partly  due  to  mechanical  or
reverberation  artifacts  [3—7].
Recently,  multi-detector  computed  tomography  (MDCT)
has  been  used  to  provide  diagnostic  information  after  heart
valve  replacements  such  as  prosthetic  valve  dysfunction
[8—11].  However,  only  case  reports  are  available  about
APR  detected  by  MDCT  [8,9,12].  The  aim  of  this  study  is  to
assess  the  feasibility,  accuracy,  and  reproducibility  of  the
existence  of  APR  using  contrast-enhanced  64-row  MDCT,
and  compared  to  already  standardized  two-dimensional
echocardiographic  evaluation.  We  also  measured  the
paraprosthetic  anatomical  regurgitation  oriﬁce  (PARO)  area
to  quantify  the  prognostic  impact  of  APR  or  for  surgical
planning  such  as  closure  device  sizing.
Methods
Study  patients
We  retrospectively  enrolled  20  consecutive  patients
who  underwent  both  64-row  MDCT  and  two-dimensional
transthoracic  echocardiography  (2D-TTE)  after  aortic  valve
replacement  between  September  2007  and  December  2009.
Fifteen  patients  underwent  mechanical  valve  replacement
(6  On-X  standard,  On-X  Life  Technologies  Inc.,  Austin,
TX,  USA;  2  SJM  standard,  5  SJM  HP,  and  1  SJM  Regent
valves,  St.  Jude  Medical  Inc.,  St.  Paul,  MN,  USA;  1  ATS,
ATS  Medical  Inc.,  Minneapolis,  MN,  USA)  and  the  remaining
5  patients  underwent  biological  valve  replacement  (1  CEP
and  4  Magna  valves,  Edwards  Lifesciences,  Irvine,  CA,  USA).
Patients  with  suspected  APR  by  2D-TTE  also  underwent  two-
dimensional  transesophageal  echocardiography  (2D-TEE)
for  additional  evaluation  of  APR.  This  study  includes  one
previously  published  case  report  of  APR  [12]. The  mean  time
difference  between  MDCT  and  2D-TTE  was  39  ±  48  days,
and  patients  who  showed  any  changes  in  clinical  status
during  the  interval  were  excluded  from  the  study.  First,
we  evaluated  the  presence  of  beam-hardening  artifact
(BHA)  which  was  deﬁned  as  a  black  shining  line  projecting
E
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autward  from  the  prosthetics  because  the  artifact  impairs
isualization  around  the  prosthetics  and  makes  the  precise
valuation  of  APR  difﬁcult  (Fig.  1).  Then,  we  evaluated  the
resence  of  APR  and  PARO  area  using  64-row  MDCT  among
 of  20  prosthetics  without  BHA.  The  presence  of  APR  was
alidated  with  2D-TTE,  2D-TEE,  or  intraoperative  ﬁndings  if
vailable  (Table  1).  Written  informed  consent  was  obtained
rom  all  patients  before  CT  evaluation,  and  the  institutional
eview  board  approved  this  study.
chocardiographic  evaluation
wo-dimensional  echocardiography  was  performed  using
ommercially  available  ultrasound  system  (Aplio,  Toshiba
edical,  Tokyo,  Japan)  by  an  experienced  medical  doctor
nd  sonographer.  The  consensus-based  ﬁndings  were  used
or  the  analysis.  The  existence  and  severity  of  APR  were
ssessed  with  Doppler  echocardiography.  We  deﬁned  APR
hen  the  ﬂow  jet  signal  was  identiﬁed  outside  of  the  pros-
hetic  reverberations  at  diastole.  The  severity  of  APR  was
lassiﬁed  into  3  categories  (mild,  moderate,  and  severe)  in
 comprehensive  manner  using  regurgitation  jet  area,  vena
ontracta,  regurgitation  duration,  and  left  ventricular  size
nalyses  [13].
omputed  tomography  acquisition
ata  were  acquired  with  a  64  multi-detector  row  dual  source
T  (SOMATOM  Deﬁnition,  Siemens  Medical  Systems,  Munich,
ermany)  with  a  detector  collimation  width  of  0.6  mm  and
 gantry  rotation  time  of  0.33  s  within  a  single  breath  hold.
ube  voltage  was  ﬁxed  at  120  kV  with  tube  current  of  850  mA.
can  direction  was  craniocaudal.  Electrocardiogram  mod-
lation  was  not  used.  The  timing  of  data  acquisition  was
etermined  with  a  bolus  tracking  method  with  a  threshold  of
50  Hounsﬁeld  Unit  by  setting  region  of  interest  to  ascending
orta  at  the  bifurcation  level  of  pulmonary  artery.  Contrast
nhancement  was  obtained  using  nonionic  contrast  medium
njection  (Iopamirone  370  mgI/dL,  Bayer  Health  Care,  Lev-
rkusen,  Germany)  from  antecubital  venous  approach  with
 20-gauge  cannula.  Contrast  medium  was  administered  at
 ﬂow  rate  of  4  mL/s.  A  beta-blocker  (40  mg  of  metoprorol)
as  given  before  the  examination  at  attending  physicians’
iscretion  because  bradycardia  may  worsen  heart  failure
ymptoms  with  aortic  regurgitation.  Images  were  recon-
tructed  from  0  to  90%  of  the  RR  interval  with  10%  intervalsvaluation  of  APR
ata  analysis  was  performed  off-line  using  commercially
vailable  workstation  (AquariusNetStation,  Terarecon  Inc.,
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Figure  1  Relationship  between  valve  type  and  presence  of  beam-hardening  artifacts.  Eight  of  twenty  prosthetics  could  be  eval-
uated for  the  presence  of  aortic  paraprosthetic  regurgitation  (APR)  by  multi-detector  computed  tomography  (MDCT)  without
beam-hardening  artifacts  (BHA)  (A).  On-X  standard  (B)  or  SJM  standard  valves  were  fully  visualized  without  BHA.  On  the  other
hand, SJM  HP  (C),  SJM  Regent,  and  ATS  valves  showed  signiﬁcant  artifacts  which  made  the  precise  evaluation  around  prosthetics
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iifﬁcult. CEP  or  Magna  valves  (D)  showed  BHA  around  struts.  H
rrow). Ao,  aorta;  LV,  left  ventricle.
an  Mateo,  CA,  USA).  The  reconstruction  window  was  posi-
ioned  at  90%  of  RR  interval  for  the  evaluation  of  APR
nd  PARO  area  with  convolution  kernel  of  B45f.  First,  the
hort-axis  view  of  the  prosthetic  aortic  valve  was  obtained
Fig.  2).  After  identifying  the  center  of  the  valve,  we
btained  long-axis  views.  The  presence  of  APR  was  evalu-
ted  using  long-axis  view  with  1  mm  slice  maximum  intensity
rojection  image  by  rotating  it  360◦ with  1◦ intervals  while
aintaining  the  center  of  the  valve.  The  bridge  between
ortic  root  and  left  ventricle  outside  of  prosthetic  valve
as  deﬁned  as  the  presence  of  APR.  If  APR  was  revealed,
ARO  area  was  measured  by  drawing  central  line.  The
mallest  PARO  area  was  used  for  the  evaluation  (Fig.  2).
indow  width  and  level  were  at  the  discretion  of  the
eaders.
a
w
s
aer,  possible  APR  was  identiﬁed  outside  of  the  Magna  valve  (E,
tatistical  analysis
tatistical  analysis  was  performed  using  SPSS  software
version  11,  SPSS  Inc.,  Chicago,  IL,  USA).  Continuous
ariables  are  presented  as  mean  ±  SD.  Discrete  variables
re  presented  as  number  (%).  One  fellowship-trained  cardi-
logist  and  one  experienced  cardiologist  who  are  in  charge
f  MDCT  evaluations  at  Osaka  Rosai  Hospital  analyzed
he  data  to  determine  reproducibility  of  the  CT  analysis.
hey  were  blinded  to  any  clinical  and  echocardiographic
nformation.  Diagnostic  accuracy  and  reproducibility  such
s  sensitivity,  speciﬁcity,  and  inter-observer  agreements
ere  not  analyzed  statistically  because  of  small  sample
ize  and  complete  agreements  between  observers.  Results
re  presented  in  Table  1.
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Table  1  MDCT,  2D-E  and  operative  ﬁndings  after  aortic  valve  replacement.
Case  Age  Sex  Prosthetics  APR  MDCT  APR  2D-E  Re-ope  PARO1  PARO2  Duration  (days)
1  73  Male  On-X  standard  No  No  No  0  0  371
2 65  Male  On-X  standard  No  No  No  0  0  28
3 69  Female  On-X  standard  No  No  No  0  0  498
4 72  Male  On-X  standard  No  No  No  0  0  20
5 36  Male  On-X  standard  No  No  No  0  0  33
6 67 Male  On-X  standard  No  No  No  0  0  231
7 61 Female SJM  standard  Yes  Severe  Yes  48.4  43.6  4551
8 56 Male SJM  standard  Yes  Severe  Yes  22.6  21.7  4938
Patients with suspected aortic paraprosthetic regurgitation (APR) by two-dimensional transthoracic echocardiography (2D-TTE) also
underwent two-dimensional transesophageal echocardiography (2D-TEE) for additional evaluation of APR. The presence of APR was
determined in a comprehensive way with 2D-TTE and 2D-TEE ﬁndings. 2D-E, 2D-TTE with or without 2D-TEE; duration, duration from
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iaortic valve replacement; MDCT, multi-detector computed tomo
(mm2); Re-ope, re-operation after MDCT.
Results
Fig.  1  shows  the  relationship  between  valve  type  and  the
presence  of  BHA.  Eight  of  twenty  prosthetics  could  be  evalu-
ated  by  MDCT  without  BHA.  The  presence  of  artifact  seemed
to  depend  on  valve  types.  On-X  standard  or  SJM  standard
valves  were  fully  visualized  without  BHA.  On  the  other  hand,
SJM  HP,  SJM  Regent,  and  ATS  valves  showed  signiﬁcant  arti-
facts  which  made  the  precise  evaluation  around  prosthetics
difﬁcult.  CEP  or  Magna  valves  showed  BHA  around  struts
(Fig.  1).
Eight  prosthetics  without  BHA  were  then  evaluated  for
the  presence  of  APR,  and  results  were  compared  with  2D-
TTE,  2D-TEE,  or  intraoperative  ﬁndings  if  available  (Table  1).
In  these  8  patients,  age  was  62  ±  12  years  old,  6  (75%)
were  male,  body  surface  area  was  1.7  ±  0.1  m2,  estimated
glomerular  ﬁltration  rate  was  81  ±  19  mL/min/1.73  m2, con-
trast  medium  used  for  MDCT  was  71  ±  6  mL,  heart  rate  during
MDCT  was  70  ±  18  bpm,  left  ventricular  end-diastolic  volume
was  169  ±  67  mL,  end-systolic  volume  was  86  ±  45  mL,  and
left  ventricular  ejection  fraction  was  49  ±  14%.  As  shown
in  Table  1,  there  were  perfect  agreements  between  MDCT
and  two-dimensional  echocardiographic  ﬁndings  about  APR.
Besides,  intra-operative  ﬁndings  were  also  completely  com-
patible  with  MDCT  ﬁndings  in  cases  7  and  8  (Fig.  2).
There  were  excellent  inter-observer  agreements  between
observer  1  and  2  about  the  evaluation  of  APR  and  PARO  area.
Two  patients  with  APR  showed  some  causes  of  tissue
fragility  around  the  prosthetics.  The  patient  of  case  7  in
Table  1  underwent  aortic  valve  replacement  because  of
severe  aortic  regurgitation  due  to  aortitis,  and  the  patient  of
case  8  in  Table  1  underwent  aortic  and  mitral  valve  replace-
ment  because  of  severe  aortic  and  mitral  regurgitation  due
to  infectious  endocarditis  [12]. On  the  other  hand,  none  of
the  remaining  6  patients  in  Table  1  showed  any  causes  of
tissue  fragility  at  the  day  of  valve  replacement.
In  addition,  possible  APR  was  identiﬁed  outside  of  the
Magna  valve  even  with  BHA  around  struts  in  one  case
(Fig.  1E).  The  presence  of  APR  was  validated  with  two-
dimensional  echocardiography,  and  the  possible  PARO  area
was  11.74  mm2 by  observer  1  and  10.41  mm2 by  observer  2
which  is  consistent  with  two-dimensional  echocardiographic
ﬁndings  of  moderate  APR  in  this  case.
c
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rhy; PARO, paraprosthetic anatomical regurgitation oriﬁce area
iscussion
n  this  study,  we  newly  proposed  the  methodology  for  the
valuation  of  APR  by  MDCT.  We  demonstrated  that  MDCT
ccurately  identiﬁes  the  existence  of  APR  compared  to  2D-
TE,  2D-TEE,  or  intra-operative  ﬁndings  if  available.  PARO
rea  could  be  quantiﬁed  with  good  reproducibility.
rtifact  and  valve  type
e  demonstrated  that  the  presence  of  artifact  seemed  to
epend  on  valve  types  (Fig.  1).  On-X  standard  or  SJM  stan-
ard  valves  were  fully  visualized  without  BHA.  On  the  other
and,  SJM  HP,  SJM  Regent,  ATS,  CEP,  and  Magna  valves
howed  BHA  which  made  the  precise  evaluation  around
rosthetics  difﬁcult.  Tsai  et  al.  reported  that  suture  loos-
ning  could  be  evaluated  using  MDCT  after  one  aortic  valve
eplacement  and  3  mitral  valve  replacements  with  On-X
echanical  valves  [9].  On  the  other  hand,  Chenot  et  al.
eported  that  CEP  shows  BHA  around  metal  struts  [14].
hese  reports  support  our  data.  Even  though  SJM  stan-
ard  valve  was  assessable  without  BHA  by  MDCT,  SJM  HP  or
JM  Regent  valves  showed  BHA.  We  speculated  that  newly
quipped  MP35N  (Nickel—Cobalt—Chromium—Molybdenum)
lloy  in  suturing  cuff  of  SJM  HP  or  Regent  valves  may  affect
he  BHA.  Thus,  we  think  that  architectural  components
ather  than  prosthetic  valve  design  may  cause  BHA.
ARO  area  by  MDCT
e  evaluated  PARO  area  to  quantify  the  prognostic  impact
f  APR,  and  revealed  that  PARO  area  assessed  by  MDCT  was
onsistent  with  the  echocardiographic  severity  of  APR  in  this
tudy.
Conventionally,  effective  regurgitation  oriﬁce  area
EROA)  has  been  applied  for  the  quantitative  assessment  of
ative  aortic  valvular  regurgitation  in  addition  to  the  qual-
tative  assessment  such  as  regurgitation  jet  area  or  vena
ontracta  [13]. EROA  <  10  mm2 is  considered  as  mild,  EROA
f  10—20  mm2 as  mild  to  moderate,  EROA  of  20—30  mm2
s  moderate  to  severe,  and  EROA  >  30  mm2 as  severe  aortic
egurgitation  [13]. However,  quantitative  two-dimensional
298  M.  Hara  et  al.
Figure  2  Evaluation  of  aortic  paraprosthetic  regurgitation  (APR).  A  56-year-old  male  with  SJM  standard  valve  was  evaluated  (case
8 in  Table  1).  First,  short-axis  view  of  the  prosthetic  aortic  valve  was  obtained  (A).  After  identifying  the  center  of  the  valve,  we
obtained long-axis  views.  The  presence  of  APR  was  evaluated  using  long-axis  view  with  1  mm  slice  maximum  intensity  projection
image by  rotating  it  360◦ with  1◦ intervals  while  maintaining  the  center  of  the  valve  (B).  The  bridge  between  aortic  root  and  left
ventricle outside  of  prosthetic  valve  was  deﬁned  as  the  presence  of  APR  (B,  arrow).  If  APR  was  revealed,  paraprosthetic  anatomical
regurgitation oriﬁce  (PARO)  area  was  measured  by  drawing  central  line  (B,  dotted  line).  The  smallest  PARO  area  was  used  for  the
evaluation (C).  Volume-rendering  image  of  APR  viewed  from  ascending  aorta  was  reconstructed  (D).  The  multi-detector  computed
tomography ﬁndings  were  completely  compatible  with  operative  ﬁndings  (E).  Lower  PARO  was  distorted  in  order  to  enlarge  the
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eiewing ﬁeld  by  tweezers  and  association  between  aorta  and
resence of  APR.  Ao,  aorta;  LA,  left  atrium;  LMT,  left  main  trun
chocardiographic  assessment  of  APR  is  difﬁcult  because
everberation  artifact  makes  it  difﬁcult  to  analyze  ﬂow  con-
ergence  [13]. 3D-TTE  has  the  potential  to  evaluate  the
resence  of  APR  but  its  resolution  is  not  sufﬁcient  so  far
6,7].  Because  the  minimum  spatial  resolution  of  this  MDCT
s  0.33  mm  according  to  the  manufacturer  speciﬁcations,
e  considered  that  it  is  possible  to  assess  APR  severity
sing  PARO  area  which  may  require  at  least  1  mm2 spatial
esolution  referred  to  the  EROA  classiﬁcation  of  aortic  regur-
itation  by  2D-TTE  [13]. Patients  with  severe  APR  (case  7  in
able  1)  and  moderate  to  severe  APR  (case  8  in  Table  1)  by
t
w
o
i ventricle  could  not  be  visualized  well.  Arrows  indicate  the
,  left  ventricle;  RCA,  right  coronary  artery.
DCT  needed  surgical  treatment  in  order  to  manage  New
ork  Heart  Association  class  3  heart  failure  symptoms.  In
ddition,  possible  mild  to  moderate  APR  with  BHA  (Fig.  1E)
as  been  followed-up  carefully  for  7  months  medically  with-
ut  any  worsening  and  operation.  Even  though  we  should
emember  that  BHA  around  struts  may  obscure  the  pres-
nce  of  additional  APR  in  the  case  of  Fig.  1,  this  case  implies
hat  the  presence  of  APR  could  be  evaluated  in  some  cases
ith  BHA.  Although  the  sample  size  is  very  small,  clinical
utcomes  shown  in  this  study  are  consistent  with  APR  sever-
ty  classiﬁcation  by  MDCT.  Thus,  we  think  the  PARO  area
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assessed  by  MDCT  might  be  accurate  [15], and  is  applica-
ble  for  assessing  prognostic  impact  of  APR  and  for  surgical
planning  such  as  closure  device  sizing.
Clinical  implications
Our  data  suggest  that  MDCT  is  a  reliable  technique  for
the  evaluation  of  APR  and  PARO  area  after  aortic  valve
replacements  with  On-X  standard  or  SJM  standard  valves.
Thus,  we  believe  that  MDCT  should  be  applied  for  addi-
tional  evaluation  and  surgical  planning  in  conjunction  with
echocardiography  if  APR  is  suspected  after  On-X  standard
or  SJM  standard  valve  replacement.  Next-generation  MDCT-
assessable  prosthetic  valves  should  develop,  especially  for
patients  who  showed  inﬂammatory  diseases  which  may  lead
to  tissue  fragility  around  the  prosthetics.
Study  limitations
Our  study  has  several  limitations.  First,  it  was  a  single  cen-
ter  retrospective  study  which  has  small  sample  size  partly
because  APR  is  uncommon.  Second,  we  enrolled  consec-
utive  CT  examinations,  but  not  consecutive  patients  with
aortic  valve  replacement.  It  may  lead  to  a  biased  result.
Finally,  2D-TTE  was  used  as  a  gold  standard  in  this  study.  It
has  some  limitations  in  the  evaluation  of  prosthetic  valves
although  we  also  used  2D-TEE  or  operative  ﬁndings  if  avail-
able  [6,7,13].
Conclusions
Our  retrospective  data  suggest  that  MDCT  could  be  a  reliable
technique  for  the  evaluation  of  APR  and  PARO  area  after  On-
X  standard  or  SJM  standard  valve  replacement.  Further  large
scale  prospective  study  is  needed  to  conﬁrm  our  conclusion.
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